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Abstract 
 
In this study, the production, partial purification and characterization of a laccase from Botrytis cinerea strain 
(DSMZ No. 877) was studied. The production of laccase was induced using copper  sulphate and Gallic acid 
as inducers. The maximum laccase activity observed during B. cinerea growth in the presence of 0.1% Gallic acid 
was 2600 UL -1 . Laccase purification was performed by precipitated the enzyme with 90% ammonium sulphate 
followed by gel filtration chromatography. The optimum pH for the laccase activity was observed at acidic pH values 
(close to pH 3.5 - 4.6), while the optimum temperature was 70 ºC. The ability of the produced laccase as well as 
the laccase from T. versicolor to catalyse the decolorization of a phenolic dye (phenol red) was also investigated 
using natural and synthetic mediators. The higher decolorization activity was observed with 1–hydroxybenzotriazole 
(HBT) as mediator at pH 4.5 and temperature 30 ° C. 
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1. Introduction 
 
Many different and complicated molecular structures of dyes make dye wastewater difficult to be 
treated by conventional biological and physico-chemical process. Dye wastewater discharged from textile 
and dyestuff industries have to be treated due to their impact on water bodies and growing public concern 
over their toxicity and carcinogenicity. Coloured industrial effluents from the dyeing industries represent 
major environmental problems. Unbound reactive dyes undergo hydrolysis due to temperature and pH 
values during the dyeing processes. The strong colour of discharged dyes even at very small 
concentrations has a huge impact on the aquatic environment caused by its turbidity and high pollution 
strength. Therefore, innovative treatment technologies need to be investigated [1, 2]. 
Decolorization of dye wastewater by fungal metabolic activities is the subject of many studies. Fungi 
from the Basidiomycetes known as white rot fungi, a heterogeneous group of microorganisms, are able to 
degrade a wide variety of recalcitrant pollutants including various types of dyes. Laccase based 
decolorization treatments are potentially advantageous to bioremediation technologies since the enzyme is 
produced in larger amounts mainly by numerous fungi [3,4]. 
Laccase (EC 1.10.3.1) belongs to a family of multi-copper oxidases that are widespread in nature. 
laccases are related to oxidation of a range of aromatic , toxic and environmentally problematic substrates 
[5] and particular interest with industrial applications .The potential applications are in the textile industry 
[6] , detoxification of pollutants and industrial effluents [7], pulp and paper industry[8],food and 
pharmaceutical industries[9]biosensor and biofuel applications [10]. 
Laccase mediator system (LMS) has been widely studied in recent years. Three types of mediators 
have been proposed. Both the NOH-type and phenol-type mediators were found to be effective in the 
decolorization of dyes. Moreover, a laccase-mediator system has been used in bleaching indigo carmine. 
Many compounds can act as mediators, but the most widely used is HBT. A good mediator must be a 
substrate of laccase, produce a stable oxidized form and have a high oxidation power [11]. In 1996, 
Novozyme (Novo Nordisk, Denmark) launched a new industrial application of laccase enzymes in denim 
Wnishing: DeniLite®. Laccases could bleach indigo-dyed denim fabrics to lighter shades with the help of 
a mediator molecule [12, 13]. 
The aim of the present study is the production, partial purification and characterization of a laccase from 
B. cinerea (DSMZ 877). The ability of the produced laccase to catalyse the decolorization of phenol red 
was investigated and compared with the ability of a commercially available laccase from T. versicolor. 
 
2. Materials and Methods 
2.1. Materials 
2.1.1. Enzyme and Chemicals 
Laccase from fungus Trametes versicolor (3.9 mg protein/mL, 224 U/mL) and its mediators 2, 
2’-azino bis (3-ethylthiazoline-6-sulfonate) (ABTS) and (1-hydroxybenzotriazole) (HBT) were purchased 
from Fluka Chemie AG (Buchs, Switzerland), while the 2,2,6,6–tetramethylpiperidine–1-oxyl) (TEMPO) 
was supplied by Aldrich. All chemicals used  as buffers and substrates  were commercial products of 
at least reagent grade, unless otherwise indicated. 
 
2.1.2 Microorganisms 
Botrytis cinerea (DSMZ 877) obtained from Germany was grown on potato dextrose agar (PDA) 
plates at 30°C for 10 days. Thereafter, the plates were maintained at 4ºC and inoculated once every 3 
months. 
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2.2. Methods 
2.2.1. Preparation of the inoculum 
Spores suspension of fungal strain was prepared in sterilized 0.1 M sodium acetate buffer at pH 4.6 
and included 106 spores/ ml. The inoculum was added to the flasks containing Potato infusion medium 
was sterilized by autoclave at 120 °C for 15 min. After cooling, they were inoculated  with spore's 
suspension (1%). 
 
2.2.2. Culture media and inducers 
Potato infusion freshly prepared, containing 1% Glucose and 1% malt extract, and the production 
medium used by [14] were used to produce laccase from B. cinerea . Gallic acid, copper sulphate or 
combinations of these two inducers were added after sterilization to optimize the best laccase production 
conditions at pH 5. 
For routine enzyme production in shake flasks, 250 ml of these media in 1000-ml wide mouth 
Erlenmeyer flasks were inoculated with a 1 % (vol/vol) of fungal spore suspension of 5 days old culture 
and incubated for up to 8 days at 24-25°C on a shaker at 180 rpm. During fermentation experiment, the 
samples were collected every 24 h under sterile conditions and enzymatic activity, pH were determined. 
 
2.2.3. Purification of laccase 
The culture fluid for the enzyme purification was first filtered through six layers of sterile gauze. The 
culture  filtrate  containing  laccase  activity  was  concentrated  with  90%  ammonium  sulphate  and 
centrifuged (15 min, 15000 x g). The precipitate was dissolved in 0.015M sodium acetate buffer pH 5.0 
and desalted using a Sephadex G-25 column. Fractions containing  laccase  activity  were  then  pooled,  
concentrated  by  ultrafiltration  membrane  (YM-10, Millipore, USA). 
 
2.2.4. Determination of Enzymatic Activity 
Laccase activity of commercial and homemade enzymes was routinely assayed by measuring the rate 
of ABTS oxidation at room temperature. The activity was investigated in the reaction volume (0.2mL) 
consisted of the appropriate amounts of sodium acetate buffer (0.1 M, pH 4.6) containing laccase sample 
and 1 mM of ABTS. The oxidation of ABTS was followed by an increase of absorbance at 405 nm 
(İ405 = 36 000 M-1cm-1). One unit (U) activity was defined as the amount of laccase that oxidized 1 ȝmol 
of substrate per minute [15]. 
 
2.2.5. Effects of pH and temperature on laccase activity 
Laccase activity was detected by using laccase from B. cinerea and T. versicolor. Sodium acetate 
buffer (0.1M) was used to prepare pH range from 2.5 to 8.0. The optimum temperature for laccase 
activity  was  determined  using  0.018U/ml  of both  purified  fraction  and  commercial  laccase.  The 
enzymatic activity was determined in 0.1M sodium acetate buffer at pH 4.5. at eight different 
temperatures: 20, 30, 40, 50, 60, 70, 80, 90°C  
 
2.2.6. Enzymatic decolorization of Phenol Red 
Decolorization of phenol red was conducted according to [16] with some modifications. The reaction 
was carried out in test tubes at 30 °C and 150 rpm shaking under dark. The reaction mixture contained 
sodium acetate buffer (0.1 M; pH 4.5 – 5.5 – 6.5 or 7.5) 100 ȝM phenol red and laccase (0.10 U/ml) in a 
total volume of 2.5 ml. Commercial laccase from T. versicolor was used for comparison. Reaction 
mixtures using sodium acetate buffer in place of the enzyme solution was used as the control. The 
decrease of the phenol red absorbance at 450nm was monitored at predetermined time intervals. All 
assays were carried out in duplicates with blanks. The decolorization yield (%) was calculated according 
to following formula: 
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D = 100 (Aini - Aobs)/Aini 
 
Where D is the decolorization yield (%), Aini the initial absorbance and Aobs the observed absorbance. 
 
3. Results and Discussion 
3.1. Induction of enzyme production 
The maximum laccase activities during B. cinerea growth in the presence of various inducers in 
different culture media was observed. Neither Copper sulphate nor combination of Copper sulphate with 
Gallic acid could be recognized as potential inducers for laccase production. On the contrary, a higher 
enzyme activity (2.6 U ml-1) was detected when Gallic acid was used at concentration of 0.1% in the 
Potato  infusion  medium  (Fig.  1).  This  is  approximately  17-fold  higher  compared  with the  activity 
obtained without inducer and it was achieved in a shorter time (5 days). The results compare favorably 
with those reported for laccase induction by B. cinerea cells, where maximum enzyme activity was 
estimated approximately to 1.6 U ml-1  after 15 days of cultivation [14]. 
 
 
 
Fig.1. Effect of different inducers on the production of laccase from B. cinerea (DSMZ 877) at 24 - 25 ÛC and pH 
5. 
 
 
3.2. Partial Purification and Characterization 
 
The laccases obtained under the optimized inductive conditions, were partially purified following a 
simple down-stream procedure. Laccase purification was performed by precipitated the enzyme with 90% 
ammonium sulphate followed by gel filtration chromatography. An enrichment factor of 15 was obtained, 
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while the purification yield was 36%. Basic biochemical properties of the isolated enzyme concerning 
their pH and temperature profiles were determined and compared with those exhibited by the commercial 
laccase derived from T. versicolor. 
The effect of pH (values ranging from 2.5 to 8.0) was examined on laccase activity. The optimum pH 
for the maximum laccase activity of the homemade and commercial laccases was observed at an acidic 
pH value (close to pH 3.5-4.6), when ABTS was used as substrate. At pH values higher than 3.5-4.6, the 
enzyme activity decreased gradually and completely inactivated at higher 
alkaline pH (Fig. 2).The studies with laccases from Coriolus hirsutus, Trichoderma atroviride, Chalara 
(syn. Thielaviopsis) paradoxa CH 32 and Cerrena unicolor 059 showed that the optimal pH range for 
fungal laccase was from 4.0 to 6.0 [16, 17, 18, 19, 20]. 
 
 
 
 
Fig.2. The effect of pH and on laccase activity from B. cinerea and T. versicolor. 
 
 
The effect of the incubation temperature on laccases activity was also investigated. The fungal 
laccases were found to be active in a temperature range of 30–70°C, with the maximum activity at 70°C 
(Fig. 3). Above 70ºC the activity is decreased for both laccases. This is in accordance with previous 
reports where the maximum laccase activity was obtained at 80ºC, while further increase in the 
temperature lead to gradually inactivation [21].The comparison confirmed that the two fungal laccases 
displayed optimal activities at an acidic pH value, and showed very similar temperature optimal (close to 
70 ºC). 
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Fig.3 The effects of temperature on laccase activity from versicolor 
 
 
3.3. Decolorization of Phenol red 
 
The decolorization activity of partially purified laccase from  B. cinerea  was investigated using 
phenol red as substrate at 30 °C and initial pH value from 4.5 to 7.5.The decolorization results are 
displayed in table 1. No decolorization was observed without enzyme, indicating that the decolorization 
was catalysed by laccase. As it can be seen, the decolorization activity of both laccases depends on the pH 
of the solution with an optimum at pH 4.5. These results indicate that the pH optimum for this laccases 
was substrate dependent [22]. While there is no mediator added to interact with enzymes, results showed 
that both laccases has the ability to oxidize and decolorize the phenol red. For both laccases the 
decolorization degree increased with the increase of incubation time. The initial decolorization rate for T. 
versicolor laccase was higher compared to that observed for  B. cinerea, indicating that commercial 
laccase has better decolorization in the absence of mediator. The highest decolorization yield was reached 
at 96 h for both enzymes, being 49.2% for the commercial laccase and 41.8% for our sample at pH 4.5. 
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Table 1. 
The decolorization yield of 100 μM of Phenol red catalysed by 0.12 U/ml laccase from T. versicolor and 
B. cinerea in 0.1 M sodium acetate buffer at 30ÛC at different pH degrees (The decolorization without 
enzyme (Blanks) was less than 7.2 %). 
 
 
Decolorization % 
pH T. versicolor B. cinere 
96 hours 96 hours 
 
4.5 49.1 41.8 
 
5.5 42.9 41.2 
 
6.5 45.4 22.6 
 
7.5 41.9 7.6 
 
 
 
 
 
In order to increase the ability of laccases to catalyse the oxidation of various organic compounds, 
various mediators were used in the present study. The effect of six natural and synthetic mediators (0.5 
mM Vanillin, 0.1mM p-Coumaric acid, 0.1mM Syringaldazine, 0.5 mM HBT, 0.1mM ABTS and 
0.1mM TEMPO) on the ability of laccases to catalyse the oxidation of phenol red has been examined 
(Table.2). As it can be seen the use of 0.5mM HBT increases the ability of both laccase s to catalyse the 
oxidation of phenol red in higher extend than other mediators used. 
 
Table.2 
Effect of mediators on the  (%) decolorization of 100 μM Phenol red at pH 4.5 and 30 ÛC after 9 hours 
of incubation. 
 
 
Mediators 
Decolorization % 
T. B. 
  versicolor  cinerea  Blank   
 
ABTS 28.1 26.3 n.d 
TEMPO 19.2 7.3 3.2 
p-Coumaric acid 21.1 17.6 3.4 
Syringaldazine 33.4 21.7 4.2 
HBT 76.2 78.6 3.8 
Vanillin 
n. d: not determined 
27.5 26.5 3.1
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The effect of  HBT concentration on the decolorization yield was investigated. As it is clear in Fig. 
4, there is a correlation between the decolorization efficiency and the concentration of HBT. It must be 
mentioned that the solubility of HBT is reduced at concentration higher than 8mM. 
 
 
 
  
 
 
  
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4. Decolorization (%) of 100μM Phenol red by 0.12U/ml enzyme a) from T. versicolor and b) from B. cinerea at 30ÛC in 0.1M 
sodium acetate buffer, pH 4.5, with different HBT concentrations.  Control  with HBT (8 mM) but without enzyme. 
 
Moreover, the effect of temperature on dye decolorization was investigated in the presence of 8 
mM HBT by changing the reaction temperatures within the range of 20–60˚C ( as shown in Table 3).It 
can be seen that the decolorization efficiency for both enzymes were increased up to 30 ˚C. However at 
higher temperatures, the decolorization efficiency was remarkably decreased due to the denaturation of 
enzyme. It must be noted that for other laccases the optimum temperature for the oxidative degradation 
of similar textile dyes was higher at temperatures 35ÛC [ 22]. 
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Table.3  
The maximum decolorization value of 100μM of Phenol red by 0.12 U/ml Laccase from T. versicolor 
and B. cinerea at pH 4.5 and 8mM HBT in 0.1M sodium acetate buffer under different temperature 
degrees (The decolorization without enzyme was less  than 4 % ). 
 
 
 
Temperature 
(˚C) 
Decolorization % 
 
T.  versicolor B. cinere 
120 minute 90 minute 
 
20 48.1 75.8 
30 79.4 80.8 
40 77.2 77.6 
50 75.3 74.5 
60 72.8 74.1 
 
 
In this work, the highest decolorization (80.8%) obtained by using B. cinerea laccase and 8 mM HBT 
at short time (90 minute) in comparison with decolorization result (64.6%) has beenobtained from [23] 
under different conditions (30 hours  40 ÛC and pH 4 in the presence of glycine as mediator and a laccase 
from T. versicolor ). 
 
4. Conclusion: 
The enzyme production demonstrated clearly the impact of Gallic acid, as inducer, on the gross yield of 
laccase. The optimum pH for the purified laccase produced by B. cinerea (DSMZ 877) was observed at 
acidic pH value close to (3.5), while the optimum temperature was 70 ºC. The ability of the produced 
laccase as well as the laccase from T. versicolor to catalyse the decolorization of a phenolic dye was 
determined in this study. Furthermore, the enzyme, the homemade, was able to decolorize phenol red in the 
presence of 8 mM HBT, as mediator, reaching a degree of decolorization of 80.8 % in 90 min. at pH 4.5 and 
temperature 30 °C. Such LMS would subsequently be useful in the degradation of a variety of recalcitrant 
compounds from industrial wastes. 
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